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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISACE DUN 
PUIT8, NOTAMMENT DTJN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DB TRONCONS TUB UL A I RES ABOUTES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

La prtente in venuon coocerne un precede pour f brer et cnemiserunpuits, 
notamment on puits de forage pArolier, so moycn d'un ensemble de Uoncons tubuUiies 
- ou pteTormes - simlliirea, imtudement soupfct, aptes a toe repliees toogtudinriaocat 
turdkf-memc* pour tore Introdvri 

5 J'cfTct d'unc prasion interne pour prendre uoe fonnc cylindrique. et cnfia a tot 
rigialficee j p iitu par polvmcmation de lew paroi, l*ettoombremenl tiaasvcreal d'unc 
preTonnc replicc etant de dimension maxinuk seosibtemeot infeneuie I son diametre 
interne a V£ui dep!ie\ et lesdites preTormes possedant uoe portion d'extremit* dont le 
diametre • apres depliement - est legeremcut supencur k cclui de la preTonnc, ce qui 

10 pcnnet leur jonction Iwat-e-bout par emboTtemenU avec recouvremeot de ladite poctioo 
d'cxtttaltf. 

Ainsi, en recourant k ce type de pceTorrac, qui eat connue en soi 
• nctamment per le document WOA-94/21887 * il cat possible d'obtenir un chc mia agc 
d'un dumetrr constant sur toute la longueur du puits. 
15 a cet egaro\ U convient de nppeler qu'avec des cfaeraisages (ou tubeges) 

trtdiuonneU cooatitues per dee tubes en aaer. on est oblig* d'utiliser des troncons 
tttbuWres telescoping^ 

des problemes ^installation et d'expioitation trfleneure du puts. 

L'objectif de ('invention est de proposer un proceed de forage et de 
20 chemisage du puits, k faide de preTonncs du type meattonnd d-deesus, qui puisse toe 
mis en oeuvre de maniere simple et raptde, k TaiUe coflL 

Fbur ceU, et confonndment a I 'invention, on commence pax mettxe en 
place unprtanie*troncni^ 
troncoo tent touroee vers le has. 
25 U pcoc&fcadon l'invention compreod ftes Sapes suivantes : 

a) on fait passer axialcment, de haut en bos, k traven ledit troocoo, un 
outil de forage, et on fore au-dessous et dans le proJocgemcot de ce troncon un trou de 
fonnc et de prof bndesr adapteea pour fecevdr le troncon suivant ; 

b) on redre fan til de forage ; 

30 c) on introduit une preTonne, k Petal replied a I'iiiteneur du pints en la 

fiisant traverser le troocon d^a en place, ct on U positionne cxjovcnabicmcat k 1* uiteneur 
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du trou, a portion d'eiitrtsnite haute venant se placer a I'inteiicur de U portion dex- 
treraiie* clargic du troncon ; 

d) on introduil un dment fluide au food du trou, autour de la portion 
d 'extremity basse de U preTonnc ; 
5 e) on incrodmt un fluide sous press on, de density supencur© a la densite* 

du ciment, a I 'interieur de la preTorme afin de la depber radialeroent, progressvemert de 
bas en bant, en rcfoulant le dmem, e*gelemeei de bas en haul, autour de la preTorme, 

contre la paroidu trou ; 

f) tout en mainunant U preTorme sous prtaion interne, on en cnaufTe tt 

10 pmroi pour la potvmenscr ; 

g) le ciment ayant oris, et la preTorme ayant durci poor constimer un 
troncco tubulaire ri gkle de chemisagc, on retire axialemcnt lea outilUges ayant servi in 
gonftage el a U polymeiisatirjn de U 

b) on rtitere t'optration pour lea troncoos suivants, jusqu'a obtenir la 
15 longueur de puitschemise' souhaitee. 

Lorsque, comme ceia sera explique* plus loin, la preTorme preseutc des 
reserves de restne aptes a migrer vers Pexteneur pour former des venous axmulaires 
d'Aaacfaeitt .le pwticenement de cesvenwu est revise and 
r>roaniereparticuuerciD^ 
20 genretre^apteaccenperse^ 

premier e^ d'encoobreme* minimal, lui perrocttaitfcVj passer a rintericur du troncon 
deja en place, un seconded d'encombrement inteonAiiairc, pour le forage de la pertie 
principal© du trou et un troisfcme *tat, d'encombremeut maxima!, pour le forage de la 
partie du trou dean nee a recevoir la portion dsrgie de la preTorme. 
25 Data un mode oere^lsancco^ 

a U polyinenaation de U preTorme, sins qu'a la distribution du draem, comprend unc lete 

a double valve placee en pt^ basse de k preTonne^ 

nmAdegODluu^ariiilenew 

^installation de forage et de diemisage, qui fait egatement partie de la 
30 prtote invention, server*^ 

qu'elle comprend, en ttte de pints : 

. une bobine de stockage et de reception, a r«tat enroule\ de ladite 

ptcTonne ; 

- une tfte curplombant rentree du puits. apte a pcrmettrc le guidage et 
35 I'introduction, dans le puits, deU preTorme ct des different! outillages servant au forage 
du pints ainsi qu'au gonflage et a la §wlyinensatic«deU|a^onne^ 
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. des bobines de ttockage a 1 **tat enroule* de tubes mtolliques elastiqiie- 
mcnt deTonnaUes aptes a fair* descend* et remooter lesdils ootillagcs dim le puin, Tun 
de cbs tubes coatenant un c4Wc servant a V alimentation de la preTorme en couram 
dectrique; 

5 - un generateur de counmt flectrique, 

D'autres caiactenstiqucs et avanfcages de i 'invention apoarattront de la 
d es cription et des desnos annexes qui en represented, a simple titrc d'excmples non 
limitatifs un mode de mise co oeuvre preYete*, ainsi que 1*installation conrspoodante. 

SurccsdessiBs: 

!0 - tes figures 1 a 4 soot des vues schematic^*, en coupe axiale. mootrant 

leediffeseatB* Stapes de lV>peraaon de forage de la partie de p«is qui doit wcvoir la 
pceTonnc « ■. 

- la figure 5 est unc vue schematique d'unc pitTorme et de 1 •ootfllage dont 
die est solidaire, avant mise en place, dans le puits ; 

!5 - les figures 6 et 7 sort des vues partieUes de IVxtremite* basse de la 

preTorme, destinies a iliustrer le principe de ta double valve dont cat pourvue U ttte 
d'outillage; 

- Ies figures 8 a 15 fflustreat les o^cYentese^dendseeai^d'iiM 
preTonneanboutd'untnx^de>eapuwe; 

20 - la figure 16 represent* achemauquement, en coupe axiale, un puits 

chemise* par mis tronooos coaximw aboulcs ; 

- la figure 17 est unc vue scfacmauque mootrant les chfTerenti maleneU 
constitutes de 1'instaUation. situes en surface (ttte de puits) ; 

- les figures 18130 - aechelle plus petiie - illustrent le fooctrconement de 
25 KuistalUtion au couu des difTerentes Stapes do chemisage. 

La figure 1 rcpreseate l f extremite* basse d'un puits vertical en cours de 
forage et da chexnisage. Ce puits, incompietement fort, comport* un cfaemisage deja en 
place sous forme d'un tube cyii ndrique rigide 2 presentaot une portion d'extremite* basse 
206argie. 

30 UaiametreDdecettepartic20«tU^ 

d de ta partie prindpale 2, si bien qu'U est possible d'embotter les uns dans les autres des 
tronooos 2, svec recouvrement des parties d'extrcmite* 20. 

Le troofon de cfeemisage 2est scdtedani lc puits par un cimentpenphen- 

quc20a 

35 Nous alloos maintenant decrire de quelle maniere va toe mis en place, a 

l'aide du proce^ de !' invention, !e troncpo suivant, destine* a etrc aboute* au troocoo 2. 
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Pour ceU. comme illustrd aux figures 1 4 4, on commence par forcr un 
trou destine 4 recevoir cc bonbon. 

A cet effei on utilise un outtl de forage 1, du genre trepan, qui a la 
particularity de pouvoir etre rttncU on dilate* radialemcnt. dans trots Itats d'encora- 

5 brunertdtf create. 

Dans un premier eat, Ulustrt a U figure 1. 1'outil est rttrac* au maximum 
de idle mariert que sa plus grande dimension transvemie autorise son litre passage a 
I 'laterieur du tronooo 2. udalement 4 travels ceJui-ci 
Dnsceie^aoaenooixibrememe^ 
10 De mantere connuc, I'outil de forage 1 est fixe* 4 l'cxtremiu* d'une tige 

mbmaire 10, qui parte knxXeurdVntramciiie^ Tounl en notation, et 

tescrganesassurantsonde^oiementousac^ 

Comme on le verm plus loin, la tige 10 est montee 4 I'extreniite* d'un tube 
mftallique ante 4 toe enroule* sur un tambour recepteur dispose" en surface, en tetc de 
IS puits. 

Dans un second e^te denotement ramal, Ulustrt 4 la figure 2, U parte 
coopante 12 de l*outil possede un diametre de travail lensiblerneutegal aD. 

L'ouul ayant 6te* deacendu axialemcnt dans le puits, 4 travers le tubege 2 
dej4 en place, oo ptovoque ce deploiement radial au diametre D lortqu'tl est arriv* 4 
20 l*inietiewdeU portion elargie 2a On acttoone aloa ToutU en rotation 
vant sa deacenie comme illustnf parlaflecnePi 41afigure 1. 

Oo realise atmi le forage <Tun Crou cyliodriqoc au diametre D, coaxial au 

trcaiccA 2, dau U pro^ 

La profoodew de forage correspond 4 la longueur du troocon que Ton 

23 touhaiteroettre en place. 

L'ouul I posaede des organes de coupe addiuoonels 1 1 qui peuvent etre 
deploy* radialemeot 4 un diametre fuperieur 4 D. afin de pouvoir recevoir la portion 
elargtedu tror)ccn4roetijea) ptaoe. 

Comme iUustrt 4 la figure 3, par rernontee de 1'ouul scion P a . on realise 
30 aimi un elargissemerit du trou 3 cur une cenaine hauteur. 

A la fi gure 4 on a design* par la reYerence 30 la delapaftieprioripale 
du trou 3, par la reference 31 la paioidesa portion eTargfeet pax Ut^ 
basse du trou. dont le diametre D cstleintoeq^cduideUpartie30. 
U|)r*Tc»ne4rcpresente*s^ 
35 general que cdle decrite en detail dans le WO- A -94/2 1887 dej4 ate\ 
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Ndsnmoim, die est depourvue dans sa parte ba«d*unoipneobtuwieur 
gonflable, du faitqu'on a affaire a un trou borgne ; de pins, U preTorme 4 possede une 
portion d'extremitti basse 40 de section dargie. 

Upr<fonne4estfupport^cparunetige tnbulaire 5 en eder. eorouUMe 
5 sur un tambour de stocknge situ* en turf ace. el qui permct de la fake descendre i 
rinterieur du puits, et de hii fourair lea fluides de cxmeotanos el de gonflagc, aia» que 
I'eaergie electrique pour la polymerisation de la preTorme, par 1'iirtermcViinire d'un 
dtfpowuTdeiaccorfcg>ealS{^ 
lapr^onneetieraxofd«m«parlk 
10 Ce type detiged'aderetmjdable est counminentd^gn^daxa IcraAief 

par Le tonne anglais "COILED TUBING" - en abreg* "CT. W 

Comme cda est decnt dans Ic WO-A-94/21887 deja rite\ la preTorme est 
obturec a sea extremites haute et basse, dc maaiere etancbe, par des maachons arracha- 
ble* et/ou decoupabla en fin d'operation. 
IS La lite distributrice 51 outside use double valve 52. 53. actionsable 

sdecti vement (deputs la surface). 

Comme illustrt aux figures 6 et 7, la valve 52 permct de disthbuer un 
Hukkdegonnajc a Tinted 

distribucr un cuncnt fluidc 4 la base de la preTorme, a I 'cxtfrimrde oetle-ct (fleches S) . 
20 Comme itluitrf I la figure 8, UpreTorme 4- qui ae trouve inittalemew a 

1 'ctal radislement reptie* - est descendue dans le trou 3 axialemcnt, du ham vers le has, a 
ttavOTktronooodcfhrmisagrZd^eoptace. 

Bien entendu, pour que ceci §oit possible, il est necessaire que rencom- 
brement transversal de UpreTorme repUeeMtiiifeYkuraudiam 
25 dej*ice.quicoiresport^ 

Lorsque la preTorme est repUee sur dle-mtae. die prepense une section en 
M IT ou en forme d'escargot - comme illnstrf par example aux figures 6A et 6B, 
respectivement du document WO-A-94/256S5 ; lorsqu'eUe est depiiee die presente une 
se ct ion dreuhriic 
30 U preTorme 4 est podt ounce 

d'extrernitf plus targe 40 se trouve en regard deTdajgisaemcntde putts 31 ; la longueur 
du trou 3 est d&erminee pour que. dans cette position, la portion auperteure de la 
pitTcrxnese trouve en regsjd<fe 

On precede aiorsl rejection d'unedbsedcdinentlia>de6ikbQsedela 
35 preTorme, via b valve 53 ((leches J, figure 9). 

Le cuncnt est cboisi pour avoir une density voisine - voire legerement 
supeneurc-cfccelkdeUbo^ 
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L'amvee de riment i la base de la pnlfonne cfaasse done cettc bouc vera te 

hauL 

Comme illuilrt 4 la figure 10. on precede ensuite au gonfUgc de la 
prfforme, en injectant un fluide tow pressioo A I'intlrieur de celle-d. vU la valve 52 
5 (flechesl). 

II s'agit toil d'ua liquide introdutt de I'exterieur (depuis la lice de putts) 
par le conduit 5 dans la pctforme, soit d'ua liquide (can. bone ou parole) present dans le 
puits ct pomp* dans la prtforroe. 

Le liquide de gonflage eat avantageinemeut duri pour avoir uncdenstte* 
10 legeicmemwpMettreacdkdudinet^ 

gonflage va ae fair* progressivement du baa vera le haut. comme symbolise' par lea 
HechcsC & U figure la 

A dcTaut. la progressioo du gonflage du bas vera le haut peut toe controlee 
en prtvoyant, le long de ia preTonne, une serie de baguca de contention frangible*, dont 
15 le seuil de rupcure est adapts a ce sens de progression. 

Le timem est par consequent refouM egderaeni de bas en haut contre la 
paroi du puits, oocnxnc symbolist par la Heche H. tandis que la bouc 7 se crouve cnassee 
vera le haut 

De preference le volume de ciroent periphenque n'est pas suffisant pour 
20 atteindreUpertie haute deUpreY liaise* sans ciinait dans 

la none de Jonco'oo entrc lea portions d'extntmite* dea deux troncocs 2 et 4 (voir figure 
II). 

DepreTeW^UpitYorae4pc^ 
cnaud, prise en sandwich entrc une peau inteneure ct une peau cxteneurc elastiques. et 
25 munie, cot* intetieur, d'une reserve contenant de la reaine aplc a migrcr vera l'extencur 
pour former dea bounelets annulaires favorisant rancrage et rAancblite dutubagecootre 
la paroi dupuit*. 

Une preTonne de ee genre est decrite dans la deminde de brevet francais 
94 08691 depone* le 7 juAUct 1994 par ia denianderesse,et danssc*exte^ 
30 lioialePCr/FR 95^00902. 

Ceaverroua annulaires, rcpertU lout lel^ 
9 ; de preTerence 11 est prtvu une denac* plus grande de venous (c'est-a-<lire un 
ecarternent plus faiblc entrc lea vcrroua) aux cxtrcmilca lia^ 

maniert a assurer une bonne ttanchelt* dans la liaison bout- a- bout dea different! 
35 troocona 

Le chauiTage et la polymensation de la preTonne sonl realise* une fois le 
gcaflage tennine\ U preasto 
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A tint indic^r>pc€S8iocuuer^at(kronlredc 15 bin. 

Lc chjuiflage de U preTonne peut k hire soit en introdirisant un fluide 
chaud k I 'inieneur de la preTonne. aoit par reaction chimiquc exothcnniquc, soit encore - 
de preference - par efTct Joule, an moyen de rtsiitmnoa llcctriques (fill chau/Tants) 
5 disposers dans la paid de la preTonne ou i prewmitd de odle-o. ct alimcntecs en couranl 
aedrique depms la Ute de puits, via la a ge - •**u>d Tubing" -S 

A titreindicatif.U temperature n^ 
oellO*l40^:,ctUdurecdcccttee^ 

Lcnque la pot ymcrisati oa des venom 9 et de la paroi de prfforme est 
10 tenninee, « que le dment 6 a faat sa priae (figure 12). oa retire 1'outUUge 500.50,51 
(flecbeK, figure D). 

On instslle alore ua outil dc coupe (501) k 1 Vxtefcnite 4 du tube 5, et on 
decoupe le nunchoo d'etancfaettf de 1'extremlte haute de la preTonne (polymeriiee) 4* 
(figure 14), qu'on arrache ensuite. On opere de la mcme maniere pour le inaachoo 
15 infencur. 

On cWent alco im or»con de cbemi^ 
mem le tufaage preceVJeot 2 (voir figure 15). 

L'opcration qui vieat d'etre deaice est bien sCr rfltWe, troncon aprts 
troncon, afin d f obuir U profondcur de puits chemise* souhaitec. 
20 Dai»tmn»dederfalisatk^ 

compose* a 30% de refine epoxy et k 70% de fibres de verre, ceue tme ayant une 
e*peisjeur de Tofdre de 14mm ; lea peaux tnteneure ct exteVieore, en caoutchouc 
tymhftique, ont respect! vement une e>u»eurde2mmeide6inmenviion. 

A tltre indicaUr. U portion principale de la preTonne 4 posscde. 4 1'cmt 
25 de^undiametreintctiw^ 

184mm. tandis que la portion tlargie 40 possede un diametre inteneur de Pordre de 
188mm et un di metre cxtfrieur de 1'ordre de 236mm. 

Us portions 30-32 ct 31 du puita ont dea diametre* incyensde I Vxdrede 

197mm et de 244,5mm, respecti vernenL 
30 UitogueurdesmfrerTOtstioficompw^ 

simple titre indicatiT, la longueur d*une preTorroe peut toe de 1 'ordre de 500m. 

La figure 16 represente un puits P chemist par un ensemble de trois 
troocc€»2A,2Bet2Catoutes«^ 

La figure 17 represente schcmstiquemetit une installation de ttte de puits 
35 qui permet de mcttrc ea ccuvre le proc*VS£ sek» T invention. 

Surcetle figure, la tftcoc puits. reTcrencee 55. est equipee d'uoe ftnicture 
m6tallique(cMsas) 100 entourant la tttede puits. 
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Cede structure 100 pone un injecteur 101 pourvu d'un sabot d'appui 102, 
et servant a supporter et a pousscr le* dilTeicots matericis lonqu'iU soot desceodus dans 
le puts ou retires de cdui<i ; die se trouve a Taplomb de I'cntreedu puits. 

On a design* par la reference 54 un tambour de stocfcsge sur toque! est 
5 enroulfc to prffonne ; efleest suppotlee par unwagpanet 

U til tance 540 ddri gne un sabot de «rpportetdeguida«edeUprtfonne 
* rentree du puits. 

Les ntf trencea 56 et 57 designs* deatambounw les^aomemouto 
et stock* respecuvement tea tubes XT." (Coiled Tubing) 560 etS 
10 Lb tube 560 aert a supporter et adeplaccr 1'outil de forage ; le tube 5 

(comme deja <fit) sert a supporter la prtformc a amencr lea flutdea de gonflage et de 
dnvmlrtkmaUra^orm^ 
pcJyniensstion). 

L'clectrici* est fouxnie par un genersleurelecirique S8. 
15 reference 59 dttgneur*cabifwdem 

De mankre classique, ('entree du puits a forer est inidaJement gamin d'un 

cuvdage 550. 

U trypan 1 est adapts a l^xrtmitd du tube 560, lcquel est dcroule du 
tambour rtepteur 56, support etguid^ pax le sabot 102, piria poussc par rinjecteur 101 

20 (voir figure 18), 

On procfcle slors mu forage du irou. dc forme eiag£c 3 , destine" a rocevoir 

le premier troncm (figure 19). 

Apres i™— en place de la preform* , caraentation et miae au rood, et enfin 
polym&isafioniiisi& 
25 <» retire kcooduitcaitna (50), k 

54 (vide) sur Uquelle ctoit initialement stockee la preTorrae (figure 20). 

UprcfcirmeietrouvtaboutD^ 

On deTait ensuite les connexions bydraulique et electrique avec la 
prtforme, on iastslic et on scelle de manterc ttanche autour de la tete du puits un 
30 appareiBagede secnite ad-hoc A. ced par une technique convcntrooaelk (figure 21). 

A l'aide de I'outil de coupe 501, port* par le tube 5. on decoupe les 
miachons d'etancheita' but et has (figure 22). 

L*e»pe nriveate consiste a forer la section suivante, pour obtesir un trou 
etage 3 pcoioogeant le troncoo 2 (figure 23). 
35 Ensuite, on calibre lea diametrcs et on vcrifie raJignerneat du troncoo 2 et 

dutrou3.il 'aide d'un instrument approon* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On la fait descend!* dans le puiu, etoola posatioonc convenablemcnt dam 
le trou 3. Oo la conmscte au tube 5, el on procWc au gcmflage, a U timcalauon, ei a la 
potymenaauoo (figure 26). 

Oo retire le conduit central 50, qu'on remonte et qo'on enroule tur le 
tambour rcccpceur 54 (figure* 27 et28). 

On suspend Poutilde coupe 501 tu tube 5. etoole descend pour deoouper 
les manchons d'extremitf (figure 29). 

Oo obdcnt ainsi deux tronfons rigidea aboutea 2A, 2B (f £ure 30). 
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1. Proc£dc* pour f orer ct chemiscr un pui is, notamment un pui tj dc forage 
pdtrdier, au movea d'ua ensemble dc troncons tubuUirw - ou preTormcj * similaires, 
irutialement soupie*. aptcs a ttre reptiees loogitudiniknjent sur ellef-mtae* pour toe 
introdaies dam le puits, puis a fctre depliecs radialemenl sous Peffet d'uae press km 

5 interne pour prendre uoe forme cy^^ 

salioo de lew paroi, reocombreme&t transversal dune preTorme replide e*tant de 
dimension maxsmale seosiUemcni aferieure a son diametre intern a VGmx deplil, et 
lesdites preTormes (4) posseViant one portion d'extremile* (40) dont le diametre - epres 
depticmcnt -i*l6g!xzxi^»sp&wkctl\n du rate de UpfeYorme.ee qui permet leur 
10 jonction bout-a-bout par embdttemeiU avec recouvrement de ladite portion d 'extremis 
(40), caracterisg par le fait que, un premier tioocon (2) ayant e*t4 mis en place du cote* de 
| 'entree du puits, sa portion d'extrfrai te* daipe (40) tournee vers le baa. 

a) on fait passer axialement. de haut en bas a cravers ledit troocon (2). un 
outi] de forage (1), et on fore au-dessous et dans Ic proiongeroent de ce uoncon (2) un 
15 orw(3)defonMe<deprofotidw 
^ b)on retire IVkiuI dcfomge(i) ; 

c) on inirodtrit une pteTcrme (4). a V&ai replie, a rinteneur du putts en la 
W faiaant traverser le troocpo (2) deja en place, et oo la positionne coaveoaWement a 

rinteneur du trou (3), sa portion d'extremitc* haute venant se placer * linterieur de la 
20 portion d'exlremite* flargw (40) du traocon (2) ; 

d) oo introduic un ciment fluide (6) au food du trou (3). autour de U 
portion d'ejaremite* basse de la preTorme ; 

e) oo inttoduit un fluide sous pression (8). de densite* supeneure a la 
derail* du ciment (6), a rinteneur de la preTorme (4) afin de la deplier radialemenl, 

25 progrctavemeat de bas en haut, ca refoulant le cimeot, egalement de bas en haut, autour 
de la preTorme. centre la paroi du trou (3) ; 

Q toot en maintcnanj la preTorme sous pression interne, on en cfaaufTe la 
paroi pcurlapdymeiiser ; 

g) le ciment ayant pris, et la preTorme ayant durci pour coostituer un 
30 troocoo tubuiaire ri gkte de chemisage (4*). on retire axialement lea ouultagcs ayant servi 

au gonflage el i la poiymfrtialion de U preTorme, aimu qu'A U distribution du cimeui ; 

h) on reltere Koptfration pour lea troncons tui vantt, jusqu'i obtenir la 
longueur dc puits chemise* souhaitee. 

2. Proc*Usclco revocation 1, caxactense* par le fail qu'oo utilise un 
35 outil dc forage ( I ) du genre trepan, apte a occupcr selecti vcment trots 6tats dc contraction 
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radiate, a savoir un premier tot d'escombremeot minimal, lui pcrmcaant de passer a 
rintcrieur du troocpo (2) dcja en place, un aecood ftai, d'eooombccment intcnnddiairc, 
pour le forage de la parte prioctpaic (30) du txou (3) et un troisieroe etai, d*enoombremcnt 
maximal, pour Ic forage de la paxtie (3 1) du trou (3) dcstiii^e a reccvoir la porttoa Aargie 

5 deUprtfonne(4). 

3 . ProoAJe* aelon La revcndicaliocj 1 ou 2, caractense* par le fait que (edit 
outiltage comprend uue lete (51) i double valve (52. 53) placce co parte basse de la 
preTonne(4).etapceadistri^ 
preTonne (4) et moment Rude (7) I rext£rienr decefle-ci. 

10 4 . Ittstaltatioo de forage as de cneaiisage, destineea la mlae enoenvre du 

proc^seloorwiedesrevewlica^ 
tele du puits: 

- une bobtne (54) de stockage et de reception, a l^tat euoult, de ladiie 

preTorme(4); 

15 - une fete (101) surplombant Tentree (55) du puits, ante a permettre !e 

guidage et rinlnxhicuon dans le puits de la prfforme (4) ct dcs different* outOlages 
servant ao forage da puits ainsi ga'augnnflageetaUpdyniensationdclapieTunit ; 

- des bobtne* (56, 57) de stockage a Ttel enrouM de tubes mtolliques 
elastio^nicm deTc«ables (W 

20 dans le puits. Tun (5) de ces tubes coo tenant un ctble servant a I'lHmentatian de la 
preTorme en oourant electrique ; 

- un gcnftitflur de courant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that arc similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step 0 above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F! in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 3 1 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heaiting elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 { Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 



2796483 



10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit.(l) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





